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INTEGRATED MICROSPRINGS FOR SPEED SWITCHES 

Background 

This invention relates generally to switches for high 
speed circuits such as radio frequency switches. 

In switches that operate at high speed, it is 
important that the switch itself does not unduly degrade 
the signal being switched. Insertion loss is a measure of 
signal degradation caused by a switch. Insertion loss is 
dominated by the dimple contact resistance. Generally, a 
cantilevered switch arm includes a dimple or hemispherical 
portion near its free or moving end which contacts a 
contact pad on a fixed structure. 

To reduce the resistance in contact, soft metals are 
used for the dimples and large contact forces are often 
necessary to increase real contact area. Soft metals and 
large contact forces result in faster contact wear. As the 
contact wears, the reliability of the switch may be 
adversely affected. 

Thus, there is a need for better ways to make switches 
for high speed circuits. 

Brief Description of the Drawings * 
Figure 1 is a greatly enlarged cross-sectional view of 
one embodiment of the present invention; 



Figure 2 is a cross-sectional view taken generally 
along the line of 2-2 in Figure 1; 

Figure 3 is an enlarged cross-sectional view at an 
early stage of manufacturing for the structure shown in 
5 Figures 1 and 2 in accordance with one embodiment of the 
pre sent invent ion ; 

Figure 4 is an enlarged cross-sectional view at a 
subsequent stage in accordance with one embodiment of the 
present invention; 
10 Figure 5 is an enlarged cross-sectional view at a 

subsequent stage in accordance with one embodiment of the 
present invention; 

Figure 6 is an enlarged cross-sectional view at a 
subsequent stage in accordance with one embodiment of the 
15 present invention; 

Figure 7 is a top plan view of the structure shown in 
Figure 6 in accordance with one embodiment of the present 
invention; 

Figure 8 is an enlarged cross- sectional view at a 
2 0 subsequent stage of manufacturing in accordance with one 
embodiment of the present invention; 

Figure 9 is an enlarged cross- sectional view at a 
subsequent stage of manufacturing in accordance with one 
embodiment of the present invention; and 



2 



Figure 10 is an enlarged cross-sectional view at a 
subsequent stage of manufacturing in accordance with one 
embodiment of the present invention. 

5 Detailed Description 

Referring to Figure 1, an integrated microelectro- 
mechanical system (MEMS) switch 10 for a high speed 
circuit, such as a radio frequency circuit, includes a 
semiconductor structure 12 coupled to a contact arm 14 . In 

10 one embodiment of the present invention, the contact arm 14 
is a cantilevered contact arm. The free end of the contact 
arm 14 contacts a microspring dimple 16 positioned on the 
structure 12. The actuation or movement of the arm 14 may 
be under control of a plate 20 which applies an electrical 

15 force to the arm 14 to attract it towards the structure 12 
in one embodiment of the present invention. 

As shown in Figure 2, the microspring dimple 16 may 
include a plurality of spaced hemispherical strips 16a 
which extend between contact areas 18 for electrical 

20 connection to the remainder of the controlled circuit. In 
some embodiments, the microspring dimple strips 16a may be 
made of relatively stiff material that is resilient so that 
it is possible to have a large contact area between the arm 
14 and the dimple 16 without using particularly soft metals 

25 or large contact forces. 
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When the spring arm 14 is deflected by the plate 2 0 to 
contact the strips 16a, the strips 16a may deflect or 
collapse resiliently, increasing the contact area with the 
spring arm 14. Therefore, the microspring dimple 16 may 
5 achieve low contact resistance and superior contact 
reliability in some embodiments. 

In accordance with one embodiment of the present 
invention, the structure shown in Figures 1 and 2 may be 
manufactured from a semiconductor structure 12 having a 

10 dielectric layer 20 formed thereon as shown in Figure 3. 
The dielectric layer 20 may be, for example, silicon 
nitride. The dielectric layer 20 isolates the conductive 
material utilized for the microspring dimple 16 from the 
semiconductor structure 12 . 

15 Moving to Figure 4, a reflow layer 22 may be deposited 

and patterned. The reflow layer may be made of polymeric 
materials, such as polyimide, resist, or flowable glasses, 
to mention a few examples. As shown in Figure 5, the layer 
22 may be reflowed at an elevated temperature to assume a 

20 hemispherical shape. 

Referring to Figure 6, a conductive layer may be 
formed over the structure shown in Figure 5 . The 
conductive layer may be metal in one embodiment or may be a 
composite of two layers 24 and 26 in another embodiment. 

25 The top layer 26 may be optimized for contact resistance 
and the bottom layer 24 may be optimized for controlling 
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spring compliance. Thus, the top layer 26 may be 
conductive and may be formed of a metal in one embodiment 
while the bottom layer 24 may be formed of a metal or a 
dielectric in some embodiments. 
5 A plurality of openings 2 8 and 3 0 may be patterned in 

the layers 24 and 26 to ultimately form the actuator plate 
2 0 and the microspring dimple 16. Because of the 
imposition of the ref lowed layer 22, the microspring 16 
takes on a hemispherical shape. 

10 As shown in Figure 7, a plurality of curved strips 16a 

may make up the microspring dimple 16 in one embodiment of 
the present invention. Each of the strips 16a may be 
formed integrally with surrounding contact areas 18 that 
may electrically couple other electrical components. Also 

15 formed as a result of the steps shown in Figure 6, is the 
base 26 for the spring arm 14 and the actuator plate 20. 

As shown in Figure 8, a release layer 32 may be 
deposited over the structure shown in Figure 7 in one 
embodiment of present invention, and the resulting layer 

2 0 may be planarized. In one embodiment, the layer 32 may be 
formed of the same material as the layer 22. Planarization 
can be done in a variety of ways, including using ref low. 

As shown in Figure 9, a hole 34 may be formed over the 
layer 26. As shown in Figure 10, an anchor 36 may be 

25 deposited in the hole 34. The anchor 36 may be made of a 
conductive material such as metal. A layer 38 of the 
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spring arm 14 may then be formed, for example, by 
depositing a resilient metal and patterning the deposited 
metal . 

The release layer 32 is then removed, for example, by 
5 heating in accordance with one embodiment of the present 
invention, resulting in the structure shown in Figure 1. 
The portion of the release layer 32 underneath the dimple 
16, as well as the material between the spring arm 14 and 
the structure 12, is also removed. In some embodiments, 
10 the heated release material simply passes as a gas through 
the gaps between the spring arm strips 16a. 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
15 variations therefrom. It is intended that the appended 

claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 

What is claimed is: 
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